The ecological principle of limiting similarity dictates that species similar in resource requirements will compete, with the superior eventually excluding the inferior competitor from the community 1-4 . The observation that nonetheless apparently similar species comprise a significant proportion of the diversity in any given community has led to suggestions that competition may not in fact be an important regulator of community structure and assembly 5,6 . Here we apply a recently introduced metric of species interaction, fractional (relative) abundance 7, 8 , to tree species of the tropical wet forest of Barro Colorado Island, Panamá, the particular community that inspired the original model of non-niche or 'neutral' community dynamics 9 . We show a distribution of fractional abundances between pairs of most closely related congeneric tree species differing from that expected of competitive exclusion, but also inconsistent with expectations of simple similarity, whether such species interchangeability (a fundamental requirement of neutrality 5, 10 ) is inferred at the community or the pair level. Similar evidence from a strikingly different dry forest has been linked to the focused, stable competition of a temporal niche dynamic 11-13 . Taken together with these earlier findings, the results reported here establish a potentially widespread and important role for species interaction in the diversity and maintenance of natural communities that must be considered when inferring process from pattern.
distribution (SAD) 5 ; but either niche or neutral processes may produce the ubiquitous lognormal SAD 7, [16] [17] [18] [19] . Nor can it be assumed that a lognormal nonetheless may reflect neutrality in nature: under natural conditions, a perfectly good lognormal SAD has been observed supported by significantly non-neutral dynamics 8 .
Stochasticity is not a new concept in community ecology, having been incorporated with success into niche-based models as random components in the variation of environmental factors 7, 18, 19 . In neutral theory stochasticity is assumed to dominate in the demography of the species comprising a community, such that species effectively function as interchangeable units. Neutrality is thus the opposite extreme to niche-defined dynamics in which the differences between species are the basis of species coexistence 20, 21 . Determining the relative arenas in nature in which one or the other is more likely must be a central part of any useful integration of the two views into the wider canon of ecology. One suggestion has been that since more similar species would be likely to possess the ecological equivalence defining neutrality, a general class of such taxa should be those species in a community with the maximum degree of shared evolutionary history, co-existing congeners 22 . A pattern of this sort would be of great interest for plant communities, where congeneric pairs and groups make up on average 30% of species 23 , although co-occurring congeneric species are certainly not limited to the plant world 22 .
A recent study compared abundances of pairs of woody species forming terminal dichotomies in the community-level phylogeny of a Mexican tropical dry forest, reasoning that such species pairs are likely be more similar to one another than either is to any other species in the community 24, 25 . Analyses of these data showed that co-existing congeners could not be assumed to be interchangeable, and that the data instead support a conclusion of competition focused within these species pairs 8, 13 . Here we investigate the distribution of such fractional abundances of similarly paired tree species in a very different habitat, that of the tropical wet forest of Barro Colorado Island (BCI), and find the same patterns as those revealed in the previous study.
The 50 ha plot on BCI and the sample area at Chamela Biological Station, the site of the México study, differ greatly in physical and biological characters. Both sites are near sea level, but the BCI plot is on a flat-topped island, with the elevational range of the plot itself varying only ~40 m over its entirety. In contrast, the México sample encompasses an elevational range of >140 m. BCI's greater water availability, 2623 mm/yr 26 vs Chamela's 731 mm/yr 27 , supports a similarly wider range of stem diameter and tree heights: maximum tree diameter at BCI is ~250 cm while that of Chamela is only ~ 60 cm; the BCI tree data are divided into three growth form categories (understory, mid-sized and canopy tree), while there is no practical need for this with the short-statured forest of Chamela. Although connected by contiguous land mass, the 220-228 tree species of the BCI study and the 190 of the Chamela study have only 7 species in common.
Paralleling the earlier study 8 , we calculated for BCI the fractional abundance, Species equivalence, interchangeability, is rejected as the explanation of relative abundances of species in both studies. The fractional abundance distribution of the 29 congeneric pairs found in the BCI community level phylogeny differs from the appropriate null model (p = 0.017; Figure 1a) , showing abundances within most-closely-related congeneric pairs to be more equitable than for randomly selected species pairs. As in the México study, this effect falls away above the level of genus: the fractional abundance distribution of species forming confamilial terminal dichotomies in the BCI data does not differ from the distribution of randomly selected pairs (p > 0.25; 15 pairs; Figure 1b ).
Given the differences between the BCI plot and the Mexican site, we were surprised at how easily the patterns emerged from the BCI data, and how similar the results here are to those of the earlier study 8, 13 . Prior to initiating our analyses, we had considered pairing species within tree growth form type in order to examine pattern. Pattern emerged without that refinement, consistent with a sorting algorithm operating before such ecological differences take effect, early in recruitment, an additional factor parallel with the stable competitive processes of temporal niche dynamics linked to the Chamela results 11, 13 . 
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Similarly, congener fractional abundances do not fit a model of competitive exclusion, whether competition is assumed either to be strong (p < 0.008) or weak (p < 0.01; Figure 2b ). Finally, the observed differences cannot be inferred to be a function simply of some general quality of being in a congeneric pair or group. The species abundance distribution of the congeneric species used in the above analyses does not differ from that of the full complement of species in the BCI community (p > 0.95; Figure 3 In this study we present a second instance of the observation that species paired by phylogenetic similarity have a significant ecological relationship differing from that expected by chance. The patterns revealed indicate interaction between species and consequent niche dynamics allowing coexistence of similar species in this wet forest, as in the earlier study of tropical dry forest 7, 8, 11, 18 . The interaction indicated between most closely related congeners might be supported by either spatial or temporal habitat variation 21 ; in the parallel Chamela study, independent evidence implicates the stable competition of temporal dynamics 11, 13 . Although not all species were found in all of the 5 complete censuses [1] [2] [3] , included in the phylogeny are all species of tree with individuals that could be assumed to be reproductive adults (i.e., an established population) and that were found in any one of the censuses. Habit type of tree species are shown here in upper case letters following the species binomial as U = understory tree, M = mid-sized tree and T = canopy level tree. The tree is presented as subunits for better identification of the terminal dichotomy pairs. Authorities are cited in each figure title. For the relatively small sample sizes available from these data, probability tables go only as high as 0.25. For all five comparisons of congener vs non-congener distributions, the critical difference between the two (maximum separation) would have given a p < 0.05 if the sample size of non-congeneric pairs had been as large as for Chamela data, rather than the 15 available from the BCI data. 
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Supplementary Note 1. Dynamics within congeneric pairs
If species interchangeability (neutrality 1,2 or species symmetry 3 ) is correct, then drawing pairs of species from a guild of tropical trees will yield a fractional abundance distribution identical to drawing pairs at random, whatever the pair selection algorithm may be. Terminal congeneric pairs do not conform to this for either the BCI or Chamela tree communities. Here we discuss the shape of the fractional abundance distribution in the context of general ecological expectations for two ecologically and evolutionarily similar species.
Interchangebility (Figure 2a)
To generate an expectation wherein interchangeability functions at the level of congeners, we have supposed that two species (terminal congeneric pairs) are inhabiting the same niche, in the most general sense, and set up two-species Lotka Volterra equations in which the parameters for the two species were identical. Strong stabilising mechanisms have been shown empirically for this site 4 and we incorporated a stabilising mechanism for each species; such stabilising mechanisms operate within a neutral dynamic in which species but not individuals are interchangeable 2 . Under these conditions, the most probable fractional abundance is 0.5. If N pairs have probability 0.5 then the fractional abundance is given by a binomial distribution.
At both Chamela and BCI the majority of genera represented by more than one species are represented by two species, with a number of triplet and very few multiple species groups above that. If the guild is 3 or more congeneric species, then again if there are N equivalent species and a strong stabiliser is built in to permit coexistence, then the most probable allocation of a site to species n is 1/N. The general distribution over sites is a multinomial and again drawing a pair from the guild will have a maximum probability of fractional abundance at 0.5. The distribution may be a bit more complicated than the binomial, but the general form of the expected distribution will still be much like that shown in Figure 2a . Now suppose we relax the identity (or Chesson symmetry) of the species by letting the carrying capacities (or equivalent parameters) differ by some moderate amount. The effects of all other species in the forest are of course supposed to contribute globally or maybe diffusely to the carrying capacities. If the ratio of carrying capacities for our species is, say, 2:1 the probabilities in the Lotka Volterra equations will still converge and they will now converge on 66/33 and a fractional abundance of 0.66. The binomial distribution will now be centred on 0.66 and fall away on both sides -more like the sort of thing we see and we could not rule it out.
These species are not identical, but would we call them similar? We might well -the populations are interdigitated and certainly if the carrying capacities were only 1% different we would. In a sense the argument becomes circular -the species might be called similar if the fractional abundance distribution is for probabilities and hence carrying capacities much closer than for a randomly drawn pair. We have of course applied different criteria to determine similarity so we can claim that similar species have similar carrying capacities … we do not reject the suggestion that similarity is important -we became interested in congener pairs in the first place to exploit the capacity of close relatedness in factoring out a lot of inessential aspects of species coexistence [5] [6] [7] . But regardless of all else, the real question remains: these species are similar but not identical and yet they coexist -How?
Transient coexistence (a version of competitive exclusion) (Figure 2b)
Suppose species a is occupying a certain large number of sites N. A similar congeneric species is added and outcompetes it. Every time an individual of species a dies it has a high probability of being replaced by an individual of species b. The probability of any individual of species a dying is the same small constant each year -the population of a dies away exponentially. Then early on the proportion of a is close to 1, but this does not last longonly one half life in this simple model -after which the proportion of b is greater and this lasts almost forever (forever with an infinite population or a continuous distribution). If for any congeneric pair we measure at a randomly sampled time we are very likely to find the winner present at a very high fractional abundance.
The shape is easily calculated. As a function of time the fractional abundance is This exponential behaviour is a very simple, yet plausible. (We note that the resulting fractional abundance distribution is like that of the non-congeneric pairs or that of pairs drawn at random from the data. We would not wish to imply that this similarity of shape identifies the mechanism.) Sampling competing pairs along the road to competitive exclusion is likely to yield fractional abundances at the high end (0.9 -1 with sufficient data) and the more equitable fractions we see in the real data are not likely.
